1530 ± 866 ng/L; 1300 ± 520 ng/L), total number of patients of NYHA class IV and III (n = 11; 3; 2) and AHR (73.3 ± 15.3 bpm; 68.7 ± 13.5 bpm; 66.3 ± 13.6 bpm) significantly decreased (P < 0.05), LVEF (45.6 ± 3.5%; 51.5 ± 2.7%; 53.5 ± 3.1%) and 6MWT (262 ± 47 m; 305 ± 37 m; 313 ± 41 m) greatly increased (P < 0.05）in 7 days, 3 and 6 months after ablation respectively. There was a statistical difference between 7 days and 3 or 6 months after ablation in above-mentioned indexes (P < 0.05) except AHR (P > 0.05), no significant difference existed between 3 and 6 months in all indexes (P > 0.05). Conclusion: long-lasting atrial arrhythmia with rapid ventricular response could impair left ventricle function, which could be reversed within weeks after successful ablation and restoration of sinus rhythm.
INTRODUCTION
Atrial tachyarrhythmia is one of the most common encountered problems in clinical practice, long lasting of which could result in tachycardia-induced cardiomyopathy (TIC) [1] , presenting cardiac enlargement and impaired left ventricular systolic function, similar to that of idiopathic dilated cardiomyopathy (IDC) [2] . Meanwhile, patients with IDC are susceptible to develop atrial arrhythmia due to increased intra-atrium pressure [3] , which in turn further deteriorate the cardiac function and cause refractory heart failure [4] . The aim of this study was to investigate the impact of atrial tachyarrhythmia on left ventricular function and its alteration after elimination of atrial arrhythmia by means of radiofrequency ablation in 25 patients who already received optimized medication for heart failure, and to study the role of ablation in the treatment of TIC.
METHODS

Study Population
This study included 25 patients with persistent atrial ar-
OPEN ACCESS
rhythmia with rapid ventricular response (16 men and 9 women, aged, 53.3 ± 15.2 years) referred for radiofrequency ablation during 2006.9-2011.8, number of subjects with atrial fibrillation (AF), atrial flutter and atrial tachycardia were 15, 7 and 3 respectively. All patients had documented atrial tachyarrhythmia refractory to at least 2 kinds of anti-arrhythmic drugs, of whom 4 subjects suffered IDC prior to the development of arrhythmia, the rest 21 cases were not detected underlying structural heart disease at the first clinical visit and gradually manifested symptoms of heart failure with the prolongation of arrhythmia. Patients with hyperthyroidism, old myocardial infarction, rheumatic valve disease, chronic obstructive pulmonary disease (COPD) were not recruited in this study. Most of patients were treated with optimal medication of heart failure, including diuretics, digoxin, β receptor antagonist, angiotension convert enzyme inhibitor (ACEI) or angiotension II receptor antagonist (ARB) and vasodilators. Informed consent was obtained from all subjects prior to procedure. Baseline characteristics of patients undergoing radiofrequency ablation are shown in Table 1 .
Electrophysiological Study of Atrial Fibrillation
Patients with persistent AF were kept on oral anticoagulation with warfarin 1 month prior to procedure, warfarin was withdrawn 3 days before ablation, all anti-arrhythmic drugs were discontinued at least five half-lives. Every patient after giving informed consent underwent an electrophysiological study in a fasting and conscioussedated state. One decapolar mapping catheter (Biosense 
Circumferential Pulmonary Vein Isolation (Cpvi)
The procedure of CPVI was performed under the guidance of CARTO system (Biosense Webster), a 3.5 mm saline-irrigated catheter (Navi-star, Thermocool, Biosense Webster) was transseptally advanced into LA via Swartz sheathe, LA geometry was reconstructed and each PV ostium was tagged on it. Pulmonary vein isolation was performed 5 to 10 mm outside of the PV ostia. Ipsilateral pair of left and right PVs were isolated in one circumferential lesion. Radiofrequency (RF) current was delivered point by point at a target temperature 43˚C, maximum power of 35 W, and an infusion rate of 17 mL/min. If AF could not terminate after the procedure of CPVI, direct current cardioversion was performed to restore sinus rhythm. The end point of CPVI was electrical isolation of PV potentials, which was confirmed by Lasso catheter mapping during sinus rhythm or isoproterenol infusion after 30 min. The end point was bidirectional conduction block between LA and PVs. If AF was not terminated by above-mentioned ablation, additional ablation lines were created, including a bottom line connecting both inferior PVs and/or a mitral isthmus line. Linear ablation at cavotricuspid isthmus was created in patients with documented or inducible cavotricuspid isthmus dependent atrial flutter, until bidirectional isthmus block was achieved.
Electrophysiological Study and Ablation of Atrial Flutter and Atrial Tachycardia
For patients with atrial flutter, two quadripolar catheters . The electrophysiological definition of isthmus dependent atrial flutter was demonstrated by the standard criteria for entrainment mapping, a deflectable 5mm tipped quadripolar catheter was used as the ablation catheter. RF ablation started at the ventricular side of inferolateral tricuspid annulus (TA) and end point was bidirectional block of isthmus conduction. Energy was delivered at 50 W targeting 60˚C, this was followed by a series of discrete applications along a line between the TA and IVC orifice. A bidirectional isthmus block was demonstrated by pacing technique which was performed at coronary ostium and the low lateral right atrium. The line of block was reevaluated 30 min after the catheter ablation. For patients with atrial tachycardia (AT), we used CARTO system to obtain three-dimensional mapping during AT and ablated at the earliest activation sites or within superior vena cava (SVC) (Figure 1) , a temperature-controlled, 4-mm-tip ablating catheter (maximal temperature, 60˚C; maximal power, 30 W) with titration of power and temperature was used for ablation. When a left-sided origin was suspected, access to the left atrium for mapping and ablation was obtained transseptally using a Brockenbrough needle. Acute procedural success was defined by the absence of tachycardia or dissociation of SVC potentials with right atrial activities in arrhythmia with SVC origin (Figure 2 ) 30 min after ablation despite infusion of isoproterenol and burst atrial pacing. 
Postoperative Care and Follow-Up
After the procedure, oral anticoagulation with warfarin was resumed and the normalized ratio (INRs) was maintained in the therapeutic range for subjects with AF, meanwhile, oral aspirin (75 -100 mg/day) recommended for 1 month to prevent thromboembolic complications for patients with atrial flutter and atrial tachycardia. Follow up was at 7 days, 3 and 6 months, all medication for heart failure continued during the period of follow up. Indexes related to cardiac function, including left ventricular end diastolic diameter (LVEDD), left ventricular ejection fraction (LVEF), New York Heart Association functional classification(NYHA class), 6 minutes walking test (6MWT), and N-terminal pro-brain natriuretic peptide (BNP), were obtained 1 day before ablation and at 7 days, 3 and 6 months after the procedure.
Statistical Analysis
Continuous variables were expressed as mean±SD and categorical variables as proportions (%). Data were analyzed with unpaired t-test, categorical variables were compared with χ 2 tests. A value of <0.05 was considered statistically significant. All analyses were performed using SPSS 12.0.
RESULTS
Acute Procedure Result
CPVI was performed in all 15 AF subjects, of which 5
Copyright © 2013 SciRes.
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AF converted into sinus rhythm spontaneously during the process of CPVI and the other 10 cases required direct current cardioversion to restore SR, bottom line and cavotricuspid line were created in 4 and 3 cases respectively. 7 atrial flutter patients underwent right atrial cavotricuspid isthmus linear ablation, of which 6 were counter clockwise (CCW) and 1 was clockwise (CW) isthmus-dependent activation. For patients with atrial tachycardia, 2 cases originated from crista terminalis (CT) and the other one arising from superior vena cava (SVC). SVC isolation (SVCI) was achieved under the guidance of CARTO system (Figure 1) and Persistent rapid foci firing within SVC still remained in the presence of sinus rhythm restored after SVCI (Figure 2) . No major complication occurred except mild pericardial effusion in 2 patients receiving CPVI and transient phrenic nerve palsies in 1 AT case undergoing ablation within SVC ( Table  2 ). In the follow up, 3 AF and 1 AT subjects presented recurrence of paroxysmal atrial tachyarrhythmia within 1 month after procedure, which were controlled by intravenous administration of amiodarone.
Alteration of Heart Function in the Follow-Up
All subjects with tachycardia induced cardiomyopathy (TIC) continued unchanged medication during the 6 months follow-up, compared with indexes of heart function one day before procedure, LVEDD, NYHA class, BNP, 6MWT and LVEF significantly improved one week after ablation, and demonstrated further improvement in the follow-up, although there was no statistical difference between 3 and 6 months (Table 3) , the trend of improvement could be found.
DISCUSSION
Tachycardia-induced cardiomyopathy (TIC) is deteriorating in ventricular function secondary to sustained tachycardia, which can lead to dilated cardiomyopathy and symptom of heart failure [6] . Some studies proved that TIC was partially or completely reversible after normalization of the heart rate [7] . In patients with previous underlying IDC, persistent tachyarrhythmia plays a key role in the deterioration of cardiac function [8] , therefore, in the management of refractory heart failure, much attention should be paid to heart rate. For patients without structural heart disease, prolonged tachyarrhythmia could result in development of left ventricular (LV) dysfunction [9] , and a high suspicion of TIC is needed in the evaluation of a patient with new onset heart failure in the presence of atrial tachyarrhythmia. The diagnosis of TIC can be made when an improvement in function is seen after correction of arrhythmia [10] . The mechanism responsible for TIC has not been elucidated, and a number of theories have been proposed to explain the etiology of TIC, including depletion of high-energy phosphates, abnormal cellular remodeling and calcium handling [11, 12] . It has also been proposed that chronic rapid heart rates could result in ischemia, which subsequently leads to reversible LV dysfunction due to myocardial shock or stunning [13] .
In this study, 21 patients exhibited structural normal heart at first visit due to arrhythmia, and gradually developed symptoms of heart failure (HF) secondary to sustainted atrial tachyarrhythmia, only 4 patients previously suffered from IDC prior to occurrence of arrhythmia which consequently further aggravated HF. All subjects manifested remarkable improvement of LV function after resolution of atrial tachyarrhythmia, which supported the diagnosis of TIC because other forms of cardiomyopathy with poor LV function rarely demonstrated significant reverse of progression of disease within a short period of time [14] . It was reported that AF was the commonest cause of TIC, moreover, greater than 50% patients with AF and LV dysfunction who have some degree of TIC [15] . In our research AF accounted for 60% of all subjects with TIC.
In terms of treatment for HF patients with AF, AF-FIRM study [16] demonstrated that pharmacological management for rhythm control was not superior to rate control in reducing mortality, hospitalization and NYHA functional class. However, rhythm control group was associated with increased hospitalization due to side effects of antiarrhythmic drugs. Catheter-based therapy for refractory AF in HF subjects has been an effective therapeutic option over the past decade, which exhibited better outcome than pharmacological therapy. Major procedures include atrio-ventricular node (AVN) ablation plus pacemaker implant and catheter-based rhythm control, radiofrequency ablation (RA) for pulmonary vein isolation (PVI) could restore atrioventricular and interventricular synchrony, in PABA study [17] . HF patients underwent PVI had better left ventricular function, 6 minutes walk distance and higher LVEF in contrast to AVN ablation with pacemaker implant at 6 months. RA has been proved to be the most efficient therapy to eliminate AF in HF patients so far, circumferential pulmonary vein isolation with additional line ablation has became the established approach [18] based on the finding that most cases of atrial fibrillation are triggered by ectopic foci originating from pulmonary veins [19] . Traditionally, for HF patients with AF, the therapeutic strategy is focused on correcting heart failure and lowering heart rate rather than converting AF, because it is commonly believed that left ventricular dysfunction plays a pivotal role in the initiation and maintance of AF [20] . This study demonstrated high success rate of RA in the treatment of AF in TIC patients including 4 subjects with underlying IDC, and RA could exert significant beneficial impact on left ventricular dysfunction recovery, which supported the fact that AF was an important component in the pathogenesis of TIC.
In one study [21] of patients with AF refractory to pharmacological treatment, catheter ablation was equally effective in patients with HF (LVEF < 45% with NYHA class II or higher symptoms) as it was in patients without HF, meanwhile, the LVEF was significantly increased by 21% at 12 months. Our study demonstrated 14.5% improvement of LVEF at the 6-month follow-up. Another clinical trial [22] indicated that ablation procedure was successful in maintaining sinus rhythm in 73% patients with impaired left ventricular function at 14 months, in our study, after completion of RA, only 4 patients suffered recurrence of arrhythmia which subsequently was controlled by amiodarone, the arrhythmia-free rate was 84%.
Atrial flutter is another common atrial arrhythmia in clinical practice, compared with AF, which seems to be more susceptible to suffering from TIC due to more rapid ventricular response [23] . Our research revealed that all 7 atrial flutters were cavotricuspid isthmus-dependent. Typical isthmus linear ablation could successfully resolve atrial flutter. 3 subjects with TIC were identified as atrial tachycardia in EPS, in which 2 were CT origin and the other one arising from SVC, and these sites are common foci of atrial tachycardia [24] . In this study, only 2 patients receiving CPVI were detected mild pericardial effusion and 1 AT case presented transient phrenic nerve palsies undergoing ablation within SVC, which proved RA was a relative safe procedure for TIC subjects.
In the follow-up, we observed that heart function improved dramatically within one week after the procedure. Before RA, a total of 17 subjects were classified as NYHA class IV and III, and 7 days later the number decreased to 11, meanwhile, LVEDD reduced significantly from 51.7 ± 4.5 mm to 45.2 ± 3.3 mm, which indicated rapid reverse remodeling of left ventricular after resolution of tachyarrhythmia. Other indexes referring to heart function including LVEF, 6-MWT and BNP simultaneously improved during this period. In the following 6 months, the above mentioned indexes further improved, however, there was no statistical significance between 3 and 6 months. Our results indicated that most patients could restore normal heart function within 3 months, even 4 subjects with underlying IDC benefited much from interruption of tachyarrhythmia, who demonstrated increased exercise capacity and resolution of heart failure symptoms after ablation. On admission, all of them were NYHA class IV, however, 7 days, 3 months and 6 months after the procedure, the numbers of NYHA class IV were 1, 0 and 0 respectively. Our findings were compatible with the prior animal experiments, which proved that heart failure could result from rapid atrial pacing and prompt cessation of pacing could result in improvement of left ventricular function 1 day after termination and restore normal function within weeks [12] .
In this study, all patients had received intensive medication for heart failure over 3 months on admission which was proved to be ineffective before ablation, one prominent characteristic of all subjects was poor-controlled ventricular response, and 24-hour ambulatory ECG monitor indicated average heart rate reached 112.5 ± 23.2 bpm. After ablation, previous medical therapy remained unchanged in all patients, however, heart rate significantly decreased and was maintained in normal range with regular rhythm, within one week after procedure, reverse of heart failure could be observed in all affected patients, which proved that atrial arrhythmia with rapid and irregular ventricular response plays a central role in the pathogenesis and development of CIT.
Our study confirmed that CIT was a common form of left ventricular dysfunction in patients with atrial tachyarrhythmia, if pharmacological therapy could not resolve and slow the progression of heart failure, RA was an effective alternative.
